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HERMETIC FIBER FEEDTHROUGH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims bene?t of US. Provisional Patent 
Application Ser. No. 60/945,796, ?led Jun. 22, 2007, Which is 
incorporated herein by reference. 

TECHNICAL FIELD 

This application relates to a ?ber optic connections, and 
more particularly to passing a ?ber through a Wall. 

BACKGROUND 

It is often necessary to pass an optical ?ber through a Wall, 
such as the Wall of a vessel or package containing electronic 
components. When the Wall separates tWo regions With sig 
ni?cantly different pressure, such as an evacuated region or 
the inside of a vessel, from the atmosphere, the ?ber needs to 
pass through the Wall Without alloWing gas leakage. Tradi 
tional methods involve stripping off a portion of the ?ber 
cladding in the region of the ?ber that passes through the Wall, 
?lling in the stripped portion With an epoxy layer, and posi 
tioning and sealing the epoxy-coated portion in an aperture 
passing through the Wall. In order to provide a good hermetic 
seal a tight mechanical attachment is usually required. But 
such a tight attachment tends to induce stress on the optical 
?ber, and this stress can degrade the quality of the ?ber 
transmission through the Wall. In particular, the stress can 
degrade the polarization extinction ratio (PER). 

SUMMARY 

The described embodiment features a ?ber optic 
feedthrough that maintains high hermeticity and polarization 
extinction ratio. 

In general in one aspect a ?ber optic feedthrough includes: 
a housing de?ning a bore, the housing being adapted to ?t 
hermetically into an aperture of a Wall; a ?rst collimator 
con?gured to receive an output from a ?rst optical ?ber 
located on a ?rst side of the Wall, the ?rst collimator sealed 
Within a portion of the bore adjacent to a ?rst end of the bore; 
and a second collimator con?gured to provide an input to a 
second optical ?ber located on a second side of the Wall, the 
second collimator sealed Within a portion of the bore adjacent 
to a second end of the bore, the second collimator being 
optically aligned With the ?rst collimator. The polarization 
extinction ratio of an optical signal traveling from the ?rst 
optical ?ber through the ?rst and second collimators to the 
second optical ?ber is maintained at a value of at least 12 dB, 
and the hermeticity of the feedthrough across the Wall is better 
than about 10-6 atm.cc.sec_1. 

The inventions may also feature one or more of the folloW 
ing. The ?rst collimator and the second collimator each 
include a lens. The surface of the bore de?nes a cylinder. An 
angular offset betWeen an axis de?ned by the ?rst collimator 
and an axis de?ned by the second collimator is less than about 
one milliradian. The ?rst and second collimators can be 
rotated about an axis parallel to an axis de?ned by the bore. 
The ?rst collimator is rotationally aligned With the second 
collimator to Within about one degree. The polarization 
extinction ratio is maintained at a value of at least 20 dB. The 
hermeticity of the feedthrough across the Wall is better than 
about 10-7 atm.cc.sec_1, and can be better than about 10-8 
atm.cc.sec_l. 
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2 
In general, in another aspect, a vessel includes: a Wall, the 

Wall being capable of separating a ?rst ?uid having a ?rst 
pressure and a second ?uid having a second pressure, the ?rst 
pressure being greater than the second pressure; a housing 
de?ning a holloW bore, the housing being adapted to ?t her 
metically into an aperture de?ned by the Wall; a ?rst collima 
tor con?gured to receive an output from a ?rst optical ?ber 
located in the ?rst volume, the ?rst collimator sealed Within a 
portion of the bore adjacent to a ?rst end of the bore; and a 
second collimator con?gured to provide an input to a second 
optical ?ber located in the second volume, the second colli 
mator sealed Within a portion of the bore adjacent to a second 
end of the bore, the second collimator being optically aligned 
With the ?rst collimator, the housing and the ?rst and second 
collimators comprising a ?ber optic feedthrough, Wherein a 
polarization extinction ratio of an optical signal traveling 
betWeen the ?rst volume and the second volume through the 
?ber optic feedthrough is maintained at a value of at least 12 
dB. The vessel may be a spacecraft, and the Wall may be 
capable of separating a volume of gas at a pressure of about 
one atmosphere from the vacuum of outer space. The vessel 
may be a submarine, and the ?uid outside a Wall of the 
submarine may be Water. The vessel may be a pressure vessel 
for use in a chemical plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a ?ber optic feedthrough, accord 
ing to the described embodiment. 

FIG. 2 is an illustration of a demountable ?ber optic 
feedthrough. 

DETAILED DESCRIPTION 

A method and apparatus described here for making a her 
metic ?ber feedthrough uses an expanded beam coupling. 
The ?ber passes through a barrier, such as a Wall, that divides 
a higher pressure side and a loWer pressure side. The Wall can 
be the Wall of an evacuated vessel or package, or the Wall of a 
spacecraft. In the case of a spacecraft, the Wall divides regions 
of about 0 atm and 1 atm, although the feedthrough can be 
used in other contexts. 

FIG. 1 illustrates the described embodiment 100 of a ?ber 
optic feedthrough embedded in an aperture of a Wall 102 
separating loWer pressure region 104 from higher pressure 
region 106. Housing 108 of the feedthrough is made of a hard 
material, such as Kovar or stainless steel, and may be cylin 
drical, With an outer diameter that ?ts securely into a cylin 
drical aperture in Wall 102, and a holloW bore that houses the 
optics. The outer surface of the housing may de?ne a square, 
rectangular, or other cross section, and the holloW bore may 
be cylindrical or, alternatively, have a square, rectangular, or 
other cross section. On the loW pressure side of the Wall, 
housing 108 is enclosed in rubber boot 110 to protect pro 
truding optical elements and to secure the incoming optical 
?ber. First ?ber 112 enters feedthrough 100 through an aper 
ture in rubberboot 110, and terminates at beam expander 114, 
Which provides an output to ?rst collimator 116. Collimator 
116 includes lens 118, shoWn in the ?gure as a discrete lens 
aligned to the ?ber in a tube. Alternatively, the lens may be 
fused to the ?ber, using, for example, a Lightpath technique. 
In this technique a graded index lens is directly fused to the 
silica ?ber to provide a high strength and loW loss joint. The 
resulting assembly is then used as a single monolithic com 
ponent. After passing through lens 118, the output from ?rst 
?ber 112 passes through inner cylindrical region 120 of hous 
ing 110 to second collimator 122, Which is substantially the 
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same as ?rst collimator 116. The diameter of inner cylindrical 
region 120 is about 3 mm, and is accurately machined so as to 
act as a mechanical boresight that aligns second collimator 
122 With ?rst collimator 116. The distance betWeen the ?rst 
and second collimators depends on the thickness of Wall 102; 
in described embodiment100 , the distance betWeen the ?rst 
lens and the second lens is about 30 mm, and each collimator 
is about 10 mm long. Second collimator 122 provides output 
to second ?ber 124, Which exits feedthrough 100 in higher 
pressure region 106. 

All the elements of described embodiment 100 are sol 
dered inplace so that none of the optical elements are exposed 
to ambient gas, such as, for example, the atmosphere. Such an 
arrangement can achieve hermeticity values of better than 
10'6 atm.cc.sec_l and typically in a range of 10'6 to 10'9 
atm.cc.sec_l. In many practical situations it is desirable for 
the hermeticity to be at least as good as 10'7 atm.cc.sec_l or 
even 10-8 atm.cc.sec_1, Which the described embodiment can 
provide. Such situations include operation in the vacuum 
environment of space, Where hermeticity levels of about 10-9 
atm.cc.sec_l are required to maintain an acceptable gaseous 
atmosphere inside the enclosure for a period of at least about 
?ve years. 

The outer diameter of the collimator and the inner diameter 
of the bore is manufactured to a tolerance of 10 microns or 
better to insure proper alignment of the collimators. In addi 
tion the collimator can be inserted far enough into the bore to 
assure that the angular offset is negligible. For example, With 
an insertion distance of 10 mm, an angular offset of about a 
milliradian can be achieved. Lateral offsets are negligible 
since the device is in collimated space, and the collimated, 
expanded beam is not sensitive to lateral displacements. 

In most ?ber applications, it is important to maintain the 
PER. As mentioned above, stress on a ?ber degrades the PER. 
Using ?ber optic feedthrough 100, this kind of PER degrada 
tion is almost completely obviated since at no point is a ?ber 
subjected to signi?cant stress. Thus feedthrough 100 main 
tains a PER of about 20 dB as the optical signal travels 
betWeen a loWer pressure region and a higher pressure region. 

Feedthrough 100 also enables the collimators to rotate 
relative to each other, and in order maintain the polarization 
angle and PER of the optical signal, the collimators are rota 
tionally aligned With each other to an accuracy of at least 
about 1 degree. This adjustment is signi?cant because the 
?bers maintain polarization, i.e., the light emerging from a 
?ber is polarized at a Well-de?ned polarization angle. Since a 
light-accepting ?ber is also polarized at a Well de?ned angle, 
the tWo ?bers should be rotationally aligned to Within about 
one degree or better, otherWise a portion of the polarized light 
from the emitting ?ber is launched into the orthogonal axis of 
the receiving ?ber, resulting in degradation of the PER. 
A PER as loW as 12 dB is acceptable for many applications, 

especially in cases Where the principal concern is the total 
amount of poWer in the correct polarization state and the 
poWer in the other state is not detrimental to the application. 
At a PER of 12 dB, about 94% of the poWer is in the correct 
polarization state. An example is the combining of differently 
polarized beams to achieve higher pump poWers. By contrast, 
in cases Where light in the Wrong polarization state induces 
system noise, for example in a communications system, then 
a PER of 20 dB or higher, corresponding to 1% or less of the 
poWer in the Wrong state, is required. Such a PER is easily 
achieved With the described hermetic ?ber feedthrough. For 
comparison, the PER supported by an unstressed ?ber is 
about 30 dB. 
A demountable feedthrough is achieved by inserting a her 

metic WindoW betWeen the tWo collimators. This alloWs one 
or both collimators to be removed from the housing Without 
alloWing gas to pass from the higher pressure region into the 
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4 
loWer pressure region. FIG. 2 illustrates a demountable 
feedthrough With WindoW 202 hermetically ?tted into bore 
120. The WindoW is tilted to prevent re?ections from inter 
fering With the beam. The WindoW material includes sapphire, 
silica, or croWn glass, such as Schott BK7. For applications in 
Which the light is in the mid-infrared region (2-10 microns), 
the WindoW material includes a zinc selenide, germanium, or 
chalcogenide glass. 

In this Way a simple, cost-effective, high transmission, high 
PER ?ber feedthrough can be realized at minimal develop 
ment cost. By comparison, designing and developing tech 
niques to WindoW strip a ?ber and apply a highly hermetic 
seal Without imposing su?icient stress to the ?ber to degrade 
the polarization is a lengthy, iterative procedure. 
One application involves using the described embodiment 

to pass a ?ber through the Wall of a spacecraft, Where high 
hermeticity is required betWeen the pressurized cabin inside 
the craft and the very loW pressures of space. In another 
application, polarized ?bers are passed through the Walls of a 
pressure vessel in a marine environment, such as, for 
example, passing signals from sensors through the Walls of a 
submarine. A further application is to pass polarization-main 
taining ?bers through the Wall of a pressure vessel, such as 
used in a chemical plant, to extract data from distributed 
temperature and pressure sensors inside the vessel. The inside 
of the pressure vessel may be a gas or liquid at high pressure. 
The outer surface of the pressure vessel Wall may be in contact 
With gas at a loWer pressure, such as the atmosphere, or With 
a liquid Within Which the vessel is immersed. The pressures 
may be reversed, With the vessel containing a ?uid at loW 
pressure Within a higher pressure ?uid in contact With the 
outer Wall of the vessel. 

Other aspects, modi?cations, and embodiments are Within 
the scope of the folloWing claims. 

The invention claimed is: 
1 . A ?ber optic feedthrough for pas sing through an aperture 

in a Wall, the ?ber optic feedthrough comprising: 
a housing de?ning a bore, the housing ?tting hermetically 

into the aperture in the Wall; 
a ?rst collimator con?gured to receive an output from a ?rst 

optical ?ber located on a ?rst side of the Wall, the ?rst 
collimator sealed Within a portion of the bore adjacent to 
a ?rst end of the bore; and 

a second collimator con?gured to provide an input to a 
second optical ?ber located on a second side of the Wall, 
the second collimator sealed Within a portion of the bore 
adjacent to a second end of the bore, the second colli 
mator being optically aligned With the ?rst collimator; 

Wherein a polarization extinction ratio of an optical signal 
traveling from the ?rst optical ?ber through the ?rst and 
second collimators to the second optical ?ber is main 
tained at a value of at least 12 dB, and a hermeticity of the 
feedthrough across the Wall is better than about 10-6 
atm.cc.sec_l. 

2. The ?ber optic feedthrough of claim 1, Wherein the ?rst 
collimator and the second collimator each include a lens. 

3. The ?ber optic feedthrough of claim 1, Wherein an angu 
lar offset betWeen an axis de?ned by the ?rst collimator and 
an axis de?ned by the second collimator is less than about one 
milliradian. 

4. The ?ber optic feedthrough of claim 1, Wherein the ?rst 
and second collimators canbe rotated about an axis parallel to 
an axis de?ned by the bore. 

5. The ?ber optic feedthrough of claim 1, Wherein the ?rst 
collimator is rotationally aligned With the second collimator 
to an accuracy of about one degree or better. 
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6. The ?ber optic feedthrough of claim 1, wherein the 
polarization extinction ratio is maintained at a value of at least 
20 dB. 

7. The ?ber optic feedthrough of claim 1, Wherein the 
hermeticity of the feedthrough across the Wall is better than 
about 10'7 atm.cc.sec_l. 

8. The ?ber optic feedthrough of claim 1, Wherein the 
hermeticity of the feedthrough across the Wall is better than 
about 10-8 atm.cc.sec_l. 

9. A method of feeding an optical signal through a Wall, the 
method comprising: 

providing a housing de?ning a bore, the housing ?tting 
hermetically into an aperture de?ned by the Wall; 

using a collimator to collimate an output received from a 
?rst optical ?ber located on a ?rst side of the Wall, the 
?rst collimator sealed Within a portion of the bore adja 
cent to a ?rst end of the bore; 

receiving the collimated output from the ?rst optical ?ber 
using a second collimator; and 

inputting the received collimated output from the ?rst opti 
cal ?ber to a second optical ?ber located on a second side 
of the Wall, the second collimator sealed Within a portion 
of the bore adjacent to a second end of the bore, the 
second collimator being optically aligned With the ?rst 
collimator; 

Wherein a polarization extinction ratio of the optical signal 
traveling from the ?rst optical ?ber through the ?rst and 
second collimators to the second optical ?ber is main 
tained at a value of at least 12 dB, and the method 
maintains a hermeticity of the Wall at better than about 
10'6 atm.cc.sec_l. 

10. The method of claim 9, Wherein the ?rst collimator and 
the second collimator each include a lens. 

11. The method of claim 9, Wherein an angular offset 
betWeen an axis de?ned by the ?rst collimator and an axis 
de?ned by the second collimator is less than about one mil 
liradian. 

12. The method of claim 9, Wherein the ?rst and second 
collimators can be rotated about an axis parallel to an axis 
de?ned by the bore. 

13. The method of claim 9, Wherein the ?rst collimator is 
rotationally aligned With the second collimator to Within 
about one degree. 

14. The method of claim 9, Wherein the polarization extinc 
tion ratio is maintained at a value of at least 20 dB. 

15. The method of claim 9, Wherein the hermeticity of the 
Wall is better than about 10-7 atm.cc.sec_l. 

16. The method of claim 9, Wherein the hermeticity of the 
Wall is better than about 10-8 atm.cc.sec_l. 

17. An apparatus comprising: 
a housing de?ning a holloW bore, the housing ?tting her 

metically into an aperture de?ned by a Wall; 
a ?rst collimator con?gured to receive an output from a ?rst 

optical ?ber located on a ?rst side of the Wall, the ?rst 
collimator sealed Within a portion of the bore adjacent to 
a ?rst end of the bore; and 

a second collimator con?gured to provide an input to a 
second optical ?ber located on a second side of the Wall, 
the second collimator sealed Within a portion of the bore 
adjacent to a second end of the bore, the second colli 
mator being optically aligned With the ?rst collimator, 

the housing and the ?rst and second collimators compris 
ing a ?ber optic feedthrough, Wherein a polarization 
extinction ratio of an optical signal traveling through the 
?ber optic feedthrough is maintained at a value of at least 
12 dB, and a hermeticity of the feedthrough across the 
Wall is better than about 10'6 atm.cc.sec_l. 
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18. An apparatus comprising: 
a vessel comprising a Wall capable of separating a region of 

higher pressure gas from a region of loWer pressure gas; 
a housing de?ning a bore, the housing ?tting hermetically 

into an aperture de?ned by the Wall; 
a ?rst collimator con?gured to receive an output from a ?rst 

optical ?ber located on a ?rst side of the Wall, the ?rst 
collimator sealed Within a portion of the bore adjacent to 
a ?rst end of the bore; and 

a second collimator con?gured to provide an input to a 
second optical ?ber located on a second side of the Wall, 
the second collimator sealed Within a portion of the bore 
adjacent to a second end of the bore, the second colli 
mator being optically aligned With the ?rst collimator, 

the housing and the ?rst and second collimators compris 
ing a ?ber optic feedthrough, Wherein a polarization 
extinction ratio of an optical signal traveling from the 
?rst optical ?ber through the ?rst and second collimators 
to the second optical ?ber is maintained at a value of at 
least 12 dB, and a hermeticity of the feedthrough across 
the Wall is better than about 10-6 atm.cc.sec_1. 

19. The apparatus of claim 18, Wherein the vessel is a 
spacecraft. 

20. The apparatus of claim 19, Wherein the region of higher 
pressure gas has a pressure of about one atmosphere, and the 
region of loWer pressure gas has a pressure corresponding to 
a vacuum of outer space. 

21. An apparatus comprising: 
a vessel comprising a Wall capable of separating a ?rst 

volume comprising a ?rst ?uid at a ?rst pressure and a 
second volume comprising a second ?uid at a second 
pressure, Wherein the ?rst pressure is greater than the 
second pressure; 

a housing de?ning a holloW bore, the housing being 
adapted to ?t hermetically into an aperture de?ned by 
the Wall; 

a ?rst collimator con?gured to receive an output from a ?rst 
optical ?ber located in the ?rst volume, the ?rst collima 
tor sealed Within a portion of the bore adjacent to a ?rst 
end of the bore; and 

a second collimator con?gured to provide an input to a 
second optical ?ber located in the second volume, the 
second collimator sealed Within a portion of the bore 
adjacent to a second end of the bore, the second colli 
mator being optically aligned With the ?rst collimator, 

the housing and the ?rst and second collimators compris 
ing a ?ber optic feedthrough, Wherein a polarization 
extinction ratio of an optical signal traveling betWeen the 
?rst volume and the second volume through the ?ber 
optic feedthrough is maintained at a value of at least 12 
dB. 

22. The apparatus of claim 21, further comprising a Win 
doW hermetically sealed Within the bore betWeen the ?rst and 
second collimators, Wherein at least one of the ?rst and sec 
ond collimators can be removed from the bore Without caus 
ing a ?oW of ?uid from the ?rst volume into the second 
volume. 

23. The apparatus of claim 21, Wherein the vessel is a 
submarine, and the ?rst ?uid comprises Water. 

24. The apparatus of claim 23, Wherein the second ?uid 
comprises air, the second pressure is about one atmosphere, 
and a hermeticity of the feedthrough across the Wall is better 
than about 10-6 atm.cc.sec_1. 

25. The apparatus of claim 23, Wherein the vessel is a 
pressure vessel for use in a chemical plant. 

* * * * * 


